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The hybrid elephant trunk procedure: A single-
stage repair of an ascending, arch, and descending
thoracic aortic aneurysm
Ali Azizzadeh, MD, Anthony L. Estrera, MD, Eyal E. Porat, MD, Kenneth R. Madsen, MD, and Hazim
J. Safi, MD, Houston, Texas
Surgical repair of extensive aortic aneurysms requires a two-stage approach. We present the case of a single-stage repair
using a hybrid procedure. This case demonstrates the technical feasibility of repairing properly selected extensive aortic
aneurysms in a single procedure. (J Vasc Surg 2006;44:404-7.)Treatment of extensive aortic aneurysms presents a
unique surgical challenge. The traditional repair requires a
two-stage operation using the elephant trunk technique.1
Initially, the ascending and transverse arch is repaired
through a median sternotomy. During the second stage,
the descending or thoracoabdominal aorta is repaired
through a left thoracoabdominal incision. Our operative
technique and outcomes for this approach have previously
been reported.2,3
Endovascular repairs have been used selectively in place
of the second stage operation.4-13 Such repairs potentially
allow the surgeon to avoid a second complex open proce-
dure; however, they are currently limited to patients who
meet certain anatomic criteria. We present the case of a
single-stage repair of an ascending, arch, and descending
thoracic aortic aneurysm. The ascending and transverse
arch aneurysms were repaired through a median sternot-
omy. Endovascular repair of the descending thoracic aneu-
rysm was performed in an antegrade fashion using the same
exposure.
CASE REPORT
A 71-year-old woman with a history of hypertension was
found to have an extensive aortic aneurysm during a work-up for
chest pain. A computed tomography (CT) scan demonstrated a
5.2-cm aneurysm of the ascending aorta and a 7.0-cm aneurysm of
the descending thoracic aorta (Fig 1).
We repaired the ascending and transverse arch through a
median sternotomy using cardiopulmonary bypass (CPB), deep
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404hypothermic circulatory arrest, and retrograde/antegrade cerebral
perfusion. Electroencephalography and transesophageal echocar-
diography were performed. A 30-mm Hemashield (Boston Scien-
tific, Natick, Mass) woven Dacron tube graft was used to make a
10-cm-long elephant trunk limb. The distal ends of the elephant
trunk limb were marked with standard surgical staples for identifi-
cation under fluoroscopy. The total circulatory arrest time was 39
minutes, and CPB time was 121 minutes. The patient was weaned
off CPB, and motor and somatosensory evoked potential monitor-
ing was initiated. The spinal cord function remained intact
throughout the procedure.
A side limb in the ascending graft was used to obtain
antegrade access to the descending thoracic aorta with a 22F
sheath (WL Gore & Associates, Flagstaff, Ariz). Retrograde
access for diagnostic angiography was obtained through a 5F
sheath inserted into the left common femoral artery. Two TAG
devices (WL Gore & Associates) were delivered through an
Fig 1. A three-dimensional computed tomography reconstruc-
tion demonstrates an extensive aortic aneurysm.
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placed in the nonaneurysmal aorta above the celiac axis. Next, a
34-mm  20-cm TAG device was placed proximally. This
34-mm device was placed distally into the 31-mm device and
proximally into the elephant trunk limb. Adequate overlapping
(5 cm) was allowed within the distal device as well as the
elephant trunk limb (Fig 2).
Angioplasty was performed on the proximal and distal
landing zones and on the overlapping segments with a standard
trilobed balloon (WL Gore & Associates). A completion angio-
gram demonstrated successful exclusion of the aneurysm with-
out any evidence of endoleak (Fig 3). The patient tolerated the
procedure well and woke from anesthesia neurologically intact.
The patient received 8 units of packed red blood cells intraop-
eratively.
The patient’s initial postoperative course was significant for
coagulopathy and hypotension. She was transfused with 4 units
of packed red blood cells. On postoperative day 1, delayed
paraplegia developed. We placed a cerebrospinal fluid (CSF)
drainage catheter. The initial CSF pressure was 19 to 24 mm
Hg. CSF drainage was performed to keep the pressure 10 mm
Hg. The patient regained bilateral lower extremity motor func-
tion 3 hours later. The remainder of her postoperative course
was unremarkable. The CSF drain was removed and the patient
was transferred to the floor on postoperative day 6. She was
discharged on postoperative day 9. Follow-up CT scan studies
at 1 and 3 months demonstrated a stable repair with regression
of the descending thoracic aneurysm.
DISCUSSION
Endovascular approaches for the second stage elephant
trunk completion have been reported previously. The en-
dovascular procedure is often performed days to months
after the first stage repair.4-6,9,12,13 When performed simul-
taneously, the devices used have been homemade or inves-
Fig 2. A single-stage repair of the ascending arch and descending
thoracic aortic aneurysm.tigational.7,8,10,11Stainless steel devices can be deployed under hypo-
thermic circulatory arrest while the aorta is open. An
advantage of this technique is the possibility of suturing
the endograft to the aorta under direct vision. The distal
landing zone, however, cannot be visualized angio-
graphically under circulatory arrest conditions. This lim-
its the open placement of devices when the distal landing
zone is short.
Nitinol devices require deployment under body tem-
perature for full expansion. They have to be deployed in real
time after the patient is weaned from CPB. This requires
adequate oversizing in relation to the elephant trunk limb
to avoid migration. Naturally, distal landing zone visualiza-
tion is possible with angiography.
In this patient, the ascending and transverse arch aneu-
rysms were repaired using the traditional open technique;
endovascular repair of the descending thoracic aortic aneu-
rysm was performed simultaneously through an antegrade
approach. To our knowledge from the literature, this is the
first reported case of a single-stage repair of the ascending,
transverse, and descending thoracic aorta using the Food
and Drug Administration-approved TAG device in the
United States.
The single-stage hybrid approach is a technically feasi-
ble alternative to the two-stage open, or the two-stage
open/endovascular technique. This operation avoids the
cost, morbidity, and mortality of an additional procedure.
It also has the potential to eliminate the mortality associ-
ated with interval rupture between the two stages. In our
open series, 75% of the mortality in the interval period was
due to rupture.2 Furthermore, the technique is particularly
useful in patients with extensive aortoiliac disease in whom
access complications for endovascular repair are a major
source of morbidity. This patient would have otherwise
required a retroperitoneal exposure and an iliac conduit for
placement of the device.
A few technical considerations for the hybrid procedure
are worth mentioning. First, the presence of a sternal
retractor during fluoroscopy limits the projections that can
be obtained. In addition, precise localization of the distal
extent of the elephant trunk limb is required to obtain
adequate overlap. We selected standard stainless steel sta-
ples placed 180° apart on the distal edge of the elephant
trunk limb. Other options include stainless steel suture or
surgical clips. Some investigators have also added a pacer
wire loop on the body of the elephant trunk for downward
traction.5
The length of the elephant trunk limb can also be
variable. We selected a relatively short limb (10 cm) to
avoid fabric folding and to ease cannulation from below.
This length also provides more than adequate overlap for
the proximal landing zone. Finally, development of post-
operative neurologic deficit remains a devastating com-
plication.5,14-18 Risk factors include hemodynamic insta-
bility, extent of the aneurysm, and previous abdominal
aortic aneurysm repair.5,14-18 Some investigators have
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others treat expectantly. In this patient, the neurologic
deficit followed a period of hypotension secondary to
bleeding. In addition, the entire descending thoracic
aorta (extent C) was covered.19 Fortunately, the patient
recovered uneventfully. In our practice, we place a CSF
drain in all patients who undergo endovascular repair of
a descending thoracic aortic aneurysm. Further study of
the proper role for prophylactic CSF drainage during
endovascular repair of descending thoracic aneurysms is
Fig 3. Completion angiogram demonstrates successful exclusion
of the aneurysm.warranted.CONCLUSION
This case demonstrates the feasibility of a single-
stage hybrid technique for repair of extensive aortic
aneurysms. The long-term durability of these combined
reconstructions is currently unknown, and meticulous
follow-up is required. Future advancements in device
technology may make this technique available to a wider
range of patients.
The authors would like to thank their editor, Kirk
Soodhalter, and their illustrator, Chris Akers, for their
assistance.
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